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m) ntle: THERMOSETTABLE PRESSURE SENSITIVE ADHESIVE 



(57) Abstract 



The invention refers to a photopolymerizable precursor of a pigssure^s ejtsitiveJhmmo^^ said precursor comprising: 

■ j) IVvj-n about 30 % to about 80 % by weight with respect to the ntSSffinh^recuisor of a photopolymerizable component, comprising a 
ir.ctioi neric or prepolymeric synip, said component exhibiting an overall solubility parameter of between 10 and 1 1 and comprising (A) at 
least ?0 % by v/eight with respect to die mass of the photopolymerizable component (i) o^ne^ynor^flj^iyyyyji; unsaturated monomers 
vviih a sohibility parameter of between 10 and 1 1.5 and less than 10 % by weight with re^spectt^th^nassof component (i) of one or morc 
:^';h> :ciiically unsaturated compounds with a solubility parameter of more than 1 1.5, or (B) at least 50 % by weight with respect to the mass 
of ths photopolymerizable compound (i) of one or more ethylenically unsaturated monomers with a solubility parameter of between 9.5 and 
1 1.5 and 10-30 % by weight with respect to the mass of the photopolymerizable component (i) of one or morc ethylenically unsaturated 
compounds with a solubility parameter of between 11.5 and 12.5 provided that in case (B) the precursor comprises between 3-15 % by 
weight with respect to the mass of the precursor of one or more polymers with a solubility parameter of 10-12.5; (ii) froatafafiULiJUP 
aboiit 70 % by weight with respect to the mass of the precursor of one or more epoxy resins and/or monomers; (iii) an^gectiv^mgj^t 
( t^n^iToTomTnafo f^T? (iv) a n effective amount of one or more nucleophilic J^tgjJJJ^n^ftJrtlCTBBtilfifiilMBdioi' epoxy^Kaatauung 
i ijcPtMS^ wlucli are select6fn^prov!3^n^nsenernpS3turc of the epoxy curing reaction of between 40-100 **C when subjecting the 
:u!F!esiv^?> a I JSC scan at a rate of 20 "C/min. The invention furthermore refers to thermosettable adhesives which are obtainable by 
photoi)olymerization of said precursor and to thermoset adhesives which are obtainable by thermal curing of said thermosettable adhesives. 
The tliermosettable adhesive of the invention is particularly useful for bonding a plastic substrate to other substrates such as metal, glass, 
ceramic, wood and plastics. 
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THERMOSETTABLE PBJCSSITRE SENSITIVE ADHESIVE 



BACKGROUND OF THE INVENTION 

5 Field of the invention 

The present invention refers to a t her *nal;y- curable epoxy/acrylate based pressure- 
sensitive adhesive which has an onset temperature of the epoxy curing reaction of 
below 100°C and to the photopolymerizable precursor of such adhesive. The 
present invention furthermore refers to a m i :hod for bonding a plastic surface to 
10 another surface by using such adhesive and to the assemblies thus obtained. The 
invention furthermore refers to an asiicmbly comprising two plastic sur&ces 
exhibiting a high overlap shear strength. 

Background of the invention 

15 Thermosettable epoxy-acrylate based pressure-sensitive adhesives, the acrylate 
component of which comprises from about 30% to about 80% by weight of a 
photopolymerizable monomeric or pi ^poiyineric symp containing an acrylic acid 
ester of a non-tertiary alcohol, and a 2Tioderately polar copolymerizable monomer, 
have been described in US 5,086,088. The iiardener for the epoxide component 

20 preferably is an amine hardener, and a curing temperature of, for example, 140°C is 
applied for 20 or 40 minutes (see Exanipie 4 1 of US '088). The pressure-sensitive 
adhesive tapes are proposed for use in the automotive industry. In a specific 
embodiment which is termed as roof ditcli molding, the pressure-sensitive adhesive 
tape is first applied to the roof molding and fastened to the body of a car. The 

25 pressure-sensitive adhesive tape is thermosot in a subsequent curing cycle. 

US 4,552,604 relates to a method for bonding together two surfaces selected from 
the group consisting of metals, ceramics or wood using a thermosettable 
epoxy/acrylate based pressure-sensitive adhesive which optionally is tacky. The 
30 specification discloses a broad range of acrylate components and uses in the 
examples moderately polar components such as l-phenoxy-2-hydroxypropyl 
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acrylate and/or crosslinkable acrylates such as di- or triacrylates. The hardener can 
be polycarboxylic acid anhydride, dicyandiamide, an imidazole, a latent boron 
difluoride chelate, an aromatic polyamine and a complex of an amine with boron 
trifluoride or boron trichloride. The adhesive is thermoset at a temperature of, for 
5 example, 170°C for ! hour (see Example 1 of US *604) and was characterized in 
US 5,086,088 to require a high external pressure or clamping due to the poor 
internal strength of the uncured adhesive. 

WO 95/13,328 which was published on May 18, 1995 describes a thermosettable 
pressure-sensitive adhesive comprising one or more thermosettable resins and a 
polymerizable monoineric or prepolymeric syrup of low polarity comprising one or 
more acrylates and Ciie or more non-polar ethylenically unsaturated monomers. 
The adhesive is reported to exhibit good adhesion in the thermally cured state to 
oily cold rolled steel. The thermosettable resins are preferably cured by amine type 
hardeners at a temperature of, for example, 150°C for 30 min (see WO *328, Test 
Procedure D). 

Copending European patent application 96 105 122.4 which was filed on March 29, 
1996, describes an epoxy/acrylate based adhesive comprising a vinyl ester or a vinyl 
ether type polymer additive in order to improve, for example, the melt-flow 
behaviour and cold flow properties. The adhesive can comprise nucleophilic 
hardeners for the epoxy component such as amine-type hardeners or electrophilic 
hardeners such as organic acids or acid anhydrides. In the test applied for measuring 
overlap shear the adhesive is thermoset by curing it in a forced air oven at 160^C for 
20 minutes. 

Bonding of temperature-sensitive substrates such as, for example, plastic substrates 
requires sufficiently low curing temperatures of the thermosettable resin in order to 
avoid damaging of the substrate during the curing reaction. The curing 
30 temperatures reported in the above references were too high to allow for applying 
them to low-melting plasric substrates, for example. Additionally, the compositions 
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between 10 and 1 1.5, and l ess than 10% by we ight with respect to the 
mass of component (i) of one or more ethylenically uns aturated monome rs 
with a solubility parameter of more than 1 1 .5, or 



5 (B) at least 50% by weight with respect to the mass of the photopolymerizable 

component (i) of one or more ethylenically unsaturated monomers with a 
solubility parameter of between 9.5 and 1 1.5, and 10-30% by weight Avith 
respect to the mass of the photopolymerizable component (i) of one or 
more ethylenically unsaturated monomers with a solubility parameter of 
10 between 1 1.5 and 12,5, with the provision that in case (B) the precursor 

comprises between 3-1 5% by weight with respect to the mass of the 
precursor of one or more polymers having a solubility parameter of 
between 10 and 12.5, 

15 (ii) from about 20 to about 70% by weight with respect to the mass of the 

precursor of one or more epoxy resins and/or epoxy-containing monomers, 

(iii) an effective amount of one or more photoinitiators, and 

20 (iv) an effective amount of one or more latent nucleophilic hardeners for the epoxy 
resins and/or epoxy-containing monomers (ii) which hardeners are selected to 
provide an onset temperature of the epoxy curing reaction of below lOOX, 
when subjecting the adhesive to a DSC scan at a rate of 20°C/min. 

25 The invention furthermore relates to a thermosettable pressure-sensitive adhesive 
which is obtainable by photopolymerization of the precursor and to a method for 
bonding a plastic surface to another surface comprising sandwiching the 
thermosettable pressure-sensitive adhesive between the two surfaces with 
subsequent thermal curing. 

30 
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The invention furthermore refers to an assembly comprising two plai;tic surfaces 
which are bonded with a thermally-cured pressure-sensitive adh^jsiv;., [h^^. pro-ursor 
of which comprises a blend of an acrylate-based pressure-sensitive iulhc^ i /e md one 
or more thermosettable epoxy resins and/or monomers and is cured at a 
5 temperature above the onset temperature of the epoxy curing reaction to give an 
overlap shear strength of the assembly of at least 3 MPa. 



Detailed description of the invention 

The present invention refers to a thermosettable pressure-sensitive adhesive which is 
10 obtainable by photopolymerization of the corresponding photopolyrrjerizable 
precursor. The pressure-sensitive adhesive is thermosettable, i.e. can be cured by 
application of heat to give a thermoset adhesive. 

The epoxy/acrylate based thermosettable pressure-sensitive adhesive according to 
15 the invention exhibits good adhesion to low energy surfaces and allows for the 
preparation of assemblies comprising two low energy surfaces or a low energy 
surface and another surface; Low energy surfaces are defined as polymeric surfaces 
such as polymethylmethacrylate, polycarbonate, polystyrene and acrylonitrile- 
butadiene styrene and the like but do not include very low energy surfaces such as 
20 polytetrafluoroethylene and polyolefins such as polyethylene, Sxich assemblies 

exhibit advantageous mechanical properties and, in particular, a high oveiiap shear 
strength. The advantageous mechanical properties are achieved by adjusting the 
polarity of the photopolymerizable component (i) of the precursor of the 
thermosettable pressure-sensitive adhesive so that 
25 • the polarity and the dissolution power are low enough, on the one hand, to 

provide good adhesion of both the uncured and thermally-cured adhesive to low 
energy surfaces, and 
• the polarity and the dissolution power are high enough, on the other hand, to 
dissolve a sufficiently high amount of the epoxy part (ii) of the thermosettable 
30 adhesive so as to provide advantageous mechanical properties of the thermally 
cured adhesive. 
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A suflRciently low polarity and low dissolution power of the photopolymerizable 
component are also in particular desirable in case the latency of one or more of the 
hardener compounds is based on solvent effects, crystallinity and/or encapsulation. 

5 

The present inventors found that this balance of properties is obtained in a first 
embodiment (A) of the precursor of the invention by using a photopolymerizable 
component (i) of the precursor of the thermosettable pressure-sensitive adhesive 
which has an overall solubility parameter of between 10 and ] 1, preferably of 

10 between 10.0 and 10.8 and more preferably of between 10 .1 and 10.6 and 

comprises at least 30%, preferably 30-70% and more preferably 35-60% by weight 
with respect to the mass of the photopolymerizable component (i) of one or more 
ethylenically unsaturated monomers with a solubility parameter of between 10 and 
11.5, preferably between 10.2 and 11.3 and more preferably between 10.3 and 11.2. 

15 In embodiment (A), the photopolymerizable component (i) of the precursor of the 
thermosettable pressure-sensitive adhesive fijrthermore contains less than 10%, 
preferably less than 7.5% and more preferably less than 5% by weight with respect 
to the mass of component (i) of one or more ethylenically unsaturated monomers 
with a solubility parameter of more than 11,5. 

20 

Alternatively, the present inventors have found that the above balance of properties 
can also be obtained in a second embodiment (B) of the precursor of the invention 
by using a photopolymerizable component (i) of the precursor of the thermosettable 
pressure-sensitive adhesive which has an overall solubility parameter of between 10 
25 and 11, preferably of between 10. 1 and 10.8 and more preferably of between 10.3 
and 10.6 and which comprises 

• at least 50% and preferably 55-80% by weight with respect to the mass of the 
photopolymerizable component (i) of one or more ethylenically unsaturated 
30 monomers with a solubility parameter of between 9.5 and 1 1.5, 

-6- 
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• 10-30% by weight with respect to the mass of the photopolymeiizable 
component (i) of one or more ei !:ylenically unsaturated monomers with a 
solubility parameter of between 11.5 and 12,5, and 

• 3-15% by weight with respect to the mass of the precursor of one or more 
5 polymers having a :;ombility panimeter of between 10 and 12.5. 

The solubility parameters referred to above and below are calculated according to 
the technique described in Fedora, Polyrn. Eng. and Sci., 14 (1974), 147. A list of 
several common ethyft;n?cally un;;atiir;ited monomers and their respective Fedors' 

10 solubility parameters is shown in Tai)]e 1 below. The term 'overall solubility 
parameter' of the phol opolymerizahlc component (i) used above and below, is 
defined as the sum of the solubility parameters of the different monomers and repeat 
units of any photopolymerizable prcpolynieric, oligomeric or polymeric constituents 
of component (i) as v/cighted by the respective percentage by weight of the 

15 monomers and repeat units with respect to the sum of the masses of the monomers 
and the photopolymeiizable prepolinneric, oligomeric or polymeric constituents of 
component (i). 

It was surprisingly fouad that the pliolopolymerizable component (i) of the 
20 precursor of the thermosettable pre.u^ure-sensitive adhesive has to exWbit both in 
embodiment (A) and (3) a medium overall solubility parameter of between 10-11 
and preferably of betM'een 10.0 and 10,8 and more preferably of between 10.1 and 
10.6. 

25 In embodiment (A) the precursor must additionally comprise at least 30% of one or 
more ethylenically unsaturated compounds with a medium solubility parameter of 
between 10-1 1.5, preferably of between 1 0.2 and 1 1 .3 and more preferably of 
between 10.3 and 11.2. 

30 Contrary to this, precursors of thermosettable pressure-sensitive adhesives where 
the photopolymerizable component (i) meets the requirement of a medium overall 
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S(:5t:yj:1:y parameter by combining strongly polar acrylic compounds with a high 
s( Ai;AAy parameter with a sufficient amount of essentially unpolar compounds with 
a wOait,y paranieter of less than 10, while not comprising a substantial amount of 
01 V liiOiC ethyienically unsaturated compounds with a medium solubility 
5 pi- ; ) . t..: of between 10 and 1 1.5, do not have the desired combination of 
pr 3 potties. 

It liithermore found that in embodiment (A), the percentage of one or more 
ctdyhmiciilly unsaturated compounds with a medium solubility parameter of 
10 be - vowii 10 and 1 1.5 has to be at least 30% by weight with respect to the mass of 
pi J jalvinerizable component (i) of the thermosettable pressure-sensitive 
adhesive. Below this limit, 

..;nibi!iiy of the thermosettable epoxy component (ii) of the precursor of the 
15 il..>r;uosettable pressure-sensitive adhesive may be too low which results in 
rli: .7^^/ vatageous mechanical properties of the thermoset adhesive, 
c ihc :vA\\:^ydon of the photopolymerized thermosettable pressure-sensitive adhesive 
cc ? c w-energy surfaces, in either its uncured or thermally-cured state, may not be 
sufficient, and/or 

20 o ;h: i olubility of the hardener component (iv) in the precursor of the 

iharincsettable pressure-sensitive adhesive below the desired onset temperature 
of (he epoxy curing reaction may be too high which results in disadvantageous 
shclf lifc and stability. 

25 The p{.vcentage of the photopolymerizable ethyienically unsaturated compounds 
with a medium solubility parameter of between 10-11.5% is preferably 30-70%, 
more preferably 35-60% by weight and especially preferably 35-50% by weight with 
respect to the mass of the photopoIymeri2able component (i). 

30 In embodiment (B) the photopolymerizable component (i) of the precursor 

comprises 10-30% by weight with respect to the mass of component (i) of one or 
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10 



15 



20 



more ethylenically unsaturated monomers with a moderately high solubility 
parameter of between 1 L5 and 12.5 and at least 50% by weight with respect to tlu; 
mass of component (i) of one or more ethylenically unsaturated monomers with a 
moderately low or medium solubility parameter of between 9.5 and 1 1.5. 

The photopolymerizable component (i) of the precursor of embodiment (B) often 
exhibits an advantageous solubility behaviour with respect to the epoxy componeut 
(ii) which is due to the presence of a substantial amount of one or more 
ethylenically unsaturated monomers with a moderately high solubility parametor of 
between 11.5 and 12.5 in component (i). It was surprisingly found that the sclubil ity 
of the hardener component (iv) in the precursor can be sufficiently suppressed in 
spite of the presence of the ethylenically unsaturated monomers with a moderately 
high solubility parameter in component (i) by adding 3-15% by weight with rc.spec;t 
to the mass of the precursor of one or more polymers with a solubility parameter of 
between 10 to 12.5. The average molecular weight Mw of the polymers k 
preferably between 50,000 to 500,000 g/mol. 

Below the limit of 3% by weight of the polymer additive the solubility of the 
hardener component in the precursor is too high which results in disadvantageous 
shelf-life and stability in case the latency of one or more of the hardener compounds 
is based on solvent effects, crystallinity and/or encapsulation. Above the limit of 
15% by weight of the polymer additive, the viscosity of the precursor typically is 
too high which results in disadvantageous handling properties. 

Above and below the term ethylenically unsaturated monomers refers to compounds 
comprising one or more groups 




/ \ 
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Ethylenically unsaturated monomers useful in the present invention include but are 
not limited to (meth)acrylic esters of non-tertiary alcohoh and S-benring 
compounds comprising one or more ethylenical groups C C\ 

5 Photopolymerizable component (i) of embodiment (A) 

The ethylenically unsaturated monomers with a solubility parameter of between 10- 
1 1.5 of the photopolymerizable component (i) of embodime nt (A) p r eferably ar e 
acrylate s. These are preferably selected fi-om a group consisting of monofunctional 
acrylic or methacrylic esters of a non-tertiary alcohol such as tetrahydrofurfuryl 
10 acrylate, methyl acrylate, 2-phenoxyethyl-acrylate and benzyl actylacc. Especially 
preferred is a smaller group of monoftmctional acrylic or methacrylic esters of a 
non-tertiary alcohol with a medium solubility parameter comprising compounds 
with one or more ether groups -O- such as, for example, 2-phsnoxyethyl acrylate 
or tetrahydrofurfiiryl acrylate. 

15 

The photopolymerizable acrylate compounds with a medium solubility parameter of 
between 10-1 1.5 preferably have a glass transition temperature of the corresponding 
homopolymer of between -20X and 40°C and, more preferably, of between -10°C 
and 30°C. 

20 

The photopolymerizable component (i) embodiment (A) preferably additionally 
compris es at least 15% by weig ht and more preferably at least 20% by weight with 
respect to the mass of component (i) of one or more mon ofunctional acrylic or 
methacrylic esters of a non-tertiary alcohol exhibiting a solubility parameter of less 

25 th^ 10 and more preferably of between 9.5 and 10. Examples of such compounds 
are octadecyl acrylate, lauryl acrylate, 2-ethylhexyl acrylate, butyl acrylate or 
isobomyl acrylate. The amount of such compounds is preferably between 15-70% 
by weight with respect to the mass of component (i), more preferably between 20- 
60% and, in particular, between 20-50% by weight with respect to the mass of 

30 component (i). 
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Although the properties of th<i^ precii of che thermosettable pressure-sensitive 
adhesives and of the photopoiymeri : )d . Jl f 5;ive according to embodiment (A) are 
sensitive to the addition of polar copolymerizable monomers with a Fedors 
solubility of more than 11.5, especially of more than 12.5 and, in particular, of more 
5 than 13, a small amount of less than [0%, and more preferably of not more than 
7.5% by weight with respect to the -3r.r. of the photopolymerizable component (i) 
of the precursor may occasioiially bo lulded to improve the solubility of the epoxy 
component (ii) of the precursor in the phot opolymerizable component (i). 
Copolymerizable monomers tvith a T : i oi s solubility of more than 13 should not be 
10 added in an amount of more than 5^o ro d more preferably not more than 3% by 
weight with respect to the mn:-;s of c ..k- ; oiierit (i) of the precursor. Preferred 
exampl es of a suitable stro ngl y pol a: : : yLitt; mon omer are b utoxy acrylate and N- 
vinylcaprolactam. 



15 Although component (i) of err.bodiriit^ni (A) is preferably acrylate-based, i. e. 

preferably contains at least 50% by ^^ifiJit with respect to the mass of component 
(i) of one or more acrylic estcvs of r^cu) :t::!^?\ry alcohols, it may also comprise other 
ethylenically unsaturated copolymer jhie monomers, oligomers and/or polymers 
comprising one or more groups 



Examples of preferred non-aciylate copoiymerizable monomers having a solubility 
parameter of between 10 and 1 1.5 ar(; Nocty l acrylamide and vinyl acetate and, in 
25 particular, N-octyl acrylamide. 

Examples of suitable non-acrylate copolymerizable monomers with a solubility 
parameter of more than 1 1 .5 are N-vinyl caprolactam, N,N-dimethylacrylamide and 
butoxy acrylate. 




\ 




30 
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Component (i) of ", iilccli :7)ent (A) can also comprise co-photopolymerizable 
oligomers o-: p : . : . rach as, for example, macromonomers. 



In an espsc^i i ;. p . olli :ed embodiment the compounds of component (i) of 
5 embodiineni: (/\: i , soiectcd so that the polymer obtained by photopolymerization 
of compotiCiiL / \uis a glass transition temperature of between 250 K and 345 K, 
more p^ea:l3b^ :KiOvve{:n 270 and 335 K and especially preferably of between 
295 and 320 i C . .lis ti ansition temperature Tg of the photopolymerized 
componetU Q ) t i^e ^vell estimated by using the 
10 so-called I'O;: c '^u;5i. '^n 

- X„(l/Tg.„) 

1 5 wherein 1^ , i s t -\ :? 0 1 >r» transition temperature of the homopolymer of the n-th 
ethylenioull}/ i., .;a:;j/;i i)d monomer or ethylenically unsaturated repeat unit of any 
photopoly]ir*.:;i>.:.:K prepolymeric constituent, respectively, of the 
photopol/ir.. . i: :: 1 i j ^npanent (i) and Xn is the mole fraction of the n-th 
ethylenically uuijuauU^i monomer or ethylenically unsaturated repeat unit of any 

20 prepolymeric constituent, respectively, with respect to the photopolymerizable 

componeni Q. M crriperatures are specified in degrees Kelvin. A full description 
of Tg calculadr^ii;] i-.5ed on the Fox equation can be found in Makromolekuele, 5th 
Ed. by Haris G 2 : 7; Elias (Huethig & Wepf, 1990), P-856. 

25 The photopoiyrnerizablc component (i) of the precursor of the thermosettable 

pressure-3cnf;iti vc adhesive according to embodiment (A) can be unpolymerized or 
partly prepolymj^rized and can furthermore comprise copolymerizable oligomers or 
polymers such tis, for example, copolymerizable macromonomers. Partial 
prepolymerization can be effected by either thermal or photochemical methods. The 

30 photopolymerizable component (i) is mixed with an initiator and the polymerization 
of the monomers conducted to low conversion. In cases where component (i) is 
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20 



25 



partially prepolymerized, initiation is preferably conducted with a part of the 
photoinitiator component (iii). The premix of (i) and part of (iii) is then partially 
prepolymerized to a syrup exhibiting a room temperature viscosity in the range from 
about 100 to about 20,000 cps and, more preferably, from about 300 to 5,000 cps. 
The weight percentages given above and below for ethylenically unsaturated 
monomers comprise both unreacted and partially prepolymerized ethylenically 
unsaturated monomers. 

Photopolymerizable component fi) of embodiment (B) 

The ethylenically unsaturated monomers with a solubility parameter of between 9.5 
and 11.5 of the photopolymerizable component (i) of embodiment (B) preferably 
are acrylates. These are preferably selected from a group consisting of 
monofunctional acrylic or m ethacry lic esters of a non-tertiary alcohol such as iso- 
butyl acrylate, butyl acrylate, propyl acrylate, ethyl acrylate, iso-bomyl acrylate, 
tetrahydro-fiirfiiryl acrylate, methyl acrylate and 2-phenoxy-ethyl acrylate. The 
ethylenically unsaturated monomers have a solubility parameter of between 9.5 and 
11, more preferably of between 9.5 and 10.5 and especially preferably of 9.5 and 
10. Especially preferred is a smaller group of monofunctional acrylic esters 
comprising butyl acrylate, propyl acrylate and iso-bomyl acrylate. 

The photopolymerizable component (i) of the precursor of the thermosettable 
pressure-sensitive adhesive according to embodiment (B) additionally comprises 
from 10 to 30% and preferably fro m 10 to 20% by weight with res pect to the mass 
of component (i) of one or more copolymerizable ethylenically unsaturated 
monomers having a solubility parameter of between 1 1.5 and 12.5 and preferably of 
between 12 - 12.5 to improve the solubility of the epoxy component (ii) of the 

precursor in the photopolymerizable component (i). Examples of preferred 



copolymerizable monomers with a solubility parameter of between 11.5 and 12.5 



are N-vinyl caprolactam and N,N-dimethylacrylamide. 
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The photopolymerizable ethylenically unsaturated monomers with a solubility 
parameter of between 9.5 and 11.5 and 11.5 and 12.5 are preferably selected so that 
the corresponding copolymer of these monomers has a glass transition temperature 
of between -60 and 40°C. 

5 

The precursor of the thermosettable pressure-sensitive adhesive according to 
embodiment (B) additionally comprises from 3 to 15% and preferably 3 to 10% by 
weight with respect to the mass of the precursor of one or more polymers having a 
solubility parameter of 10 to 12.5. The polymers can be added to the 

10 photopolymerizable component (i) or included when combining components (i) - 
(iv) to obtain the precursor; the polymer should, however, preferably be added prior 
to adding the hardener component (iv). It was found that the addition of such 
polymers to the precursor of embodiment (B) distinctly reduces the solubility of the 
hardener component (iv) in the precursor. Advantageously, the addition of such 

15 polymers to the precursor according to embodiment (B) allows for incorporation of 
higher levels of ethylenically unsaturated monomers with a moderately high 
solubility parameter of between 11.5 and 12.5 into the photopolymerizable 
component (i) resulting in cured thermosettable pressure-sensitive adhesives 
possessing excellent internal strength and other desirable mechanical properties. 

20 Although the present inventors do not wish to be bound by such theory it is 

postulated that these advantageous properties can also be attributed to the enhanced 
compatibility of the epoxy component(ii) and the photopolymerizable component (i) 
in the precursor of the thermosettable pressure-sensitive adhesive provided by these 
polymers having a medium to moderately high solubility parameter. 

25 

A wide range of polymers having the required range of the solubility parameter of 
between 10 and 12.5 can be used. Polymers with a solubility parameter of less than 
10 were often found to exhibit an insufficient compatibilty with the epoxy 
component (ii), whereas polymers with a solubility parameter of more than 12.5 
30 typically exhibit an insufficient solubilty in the photopolymerizable component (i). 
Additionally, the polymers should have a relatively low molecular weight Mw of. 
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for example, between 50,000 - 500,000 g/mol and should be essentially 
uncrosslinked in order to enhance the ;,ol /ri'lity of the polymer in the precursor or 
the photopolymerizable compoiuMU (i), n f .otively. The polymer additives shoul d 
furthermore be preferably essentially ''dead' , i t^ free or basically free fr om 
5 unsaturated or chain transfer ring groups in. orJci to avoid crosslinking or ch ain 
transfer reactions with component (i) of the precursor. 

Examples of preferred polymer:;, irc those tha t comprise units of formula I 
R . O - C - C - R* I 

I' ' 

Above and below polymers conripr i ;ing units of formula I are also termed as 
1 5 polymers of formula I. 

R is preferably R'-CO- with R* t g pre ri rMy methyl, ethyl, propyl, butyl, pentyl, 
methoxy, ethoxy, propoxy or parlurHy or fully halogenated methyl. R especially 
preferably denotes CH3-CO-. PoiynitTc comprising units of formula I wherein R is 
20 R^-CO- are termed below and above as vinyl ester type polymers. 

R can also be R^ with R^ being preferably ifiethyl, ethyl, propyl, butyl or pentyl. 
Polymers comprising units of forsnt la I wh::r iii> R is R^ are termed below and above 
as vinyl ether type polymers. 

25 

R^, R"^ and R^ are preferably independently from each other hydrogen, methyl or 
ethyl One of R^ R"^ and R^ may also preferably be methoxy, ethoxy, propoxy, 
partly or fiilly halogenated methyl or a fluoro or chloro group. 

30 The polymer comprising units of formula I may be a homopolymer or a copolymer 
of two or more comonomers. The polymer used in the precursors according to the 
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invention preferably compniC!; at least 60% and more preferably at least 80% by 
weight of one or m jm uniis of formula I. 



Especially prefer* viny l e:tc,r type polymers are vinyl acetate polymers which are 
5 usually obtained aJiwal ::mulsion polymerization (see Houben-Weyl, Methods of 
Organic Chemistry, I ^ixroniolecular Materials, Part I, Thieme Publishers, 
Stuttgart). Suitable i monuu s to be used in emulsion copolymerization with vinyl 
acetate (VA) are, ;oj e;iamplc, ethylene, dibutyl maleate, bis (2-ethylhexyl) maleate, 
ethylaciylate, buU 1 l :n/iatti, N-vinyl pyrrolidone, 2-ethyIhexyl acrylate or vinyl 
10 laurate. The prop.;i ' j.: : f polyvinylacetate (PVA) or polyvinylacctate (PVAC) can 
furthermore be rri.^c-ai:;i by t^iafling during polymerization (see Encyclopedia of 
Polymer Science and Evngiiieering, New York, 1989, vol 17, pp. 410 - 411), 

Suitable polymen ?f foi nuU 1 are commercially available. Copolymers of N-vinyl 
15 pyrrolidone and viny acotate are available, for example, from International 

Specialty ProducJ:.% L ombard, I!., U.S.A., as grades E-335, E-535, E-635, 1-335, 1- 
535 or S-630. Th; N\7-.. Y A. ratio varies for these grades between 70/30 and 30/70 
and the solubility parameter iy between 11.41 and 12.25. KA-8479 is an 
ethylenvinylacetate w ith a vinyl- acetate content of about 80% which is 
20 commercially available from Bayer AG, Germany. 

Other suitable polyr;i^rs incJude, for example, phenoxy resins such as Paphen'*^^ 
phenoxy resin which \i c Dnaaercially available from Phenoxy Associates, Rock Hill, 
SC, U.S.A. The solubility parameter of this resin is 11.36, and the molecular weight 
25 Mw is 50,000 - 60,000 g/moL 

Usefiil are also N vinyli)yrrolidene alpha-olefin copolymers like those available as 
Gantrez™ from Intcnrational Specialty Products, Lombard, II. These Gantrez 
polymers have solubility parameters of between 1 1 and 12.5. 

30 

Other preferred polyiners arc mentioned in the Examples. 
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The ualymer or polymers are preferably selected so that they are compatible with 
lUc photopolymerizable component (i) and so that a polymer being obtainable by 
polyiYiCrization of component (i) including the polymer or polymers, has a glass 
3 transition temperatute of between -20 and 40 X. In an especially preferred 
erubodiment the compounds of component (i) are selected so that the polymer 
obtamed by photopolymerization of component (i) including the polymer or 
polymers, has a glass transition temperature of between 230 and 345 K, more 
pieferably of between 240 and 335 K and especially preferably of between 240 and 
10 320 K. The glass transition temperature of the photopolymer component (i) 
including the polymer(s) can be estimated by using the Fox equation mentioned 
above. 

I 1 is to be understood that other polymers can be used and that the polymer of 
15 fokTnula I and the specific polymers listed above illustrate the invention without 
limiting it. 

Component (i) of embodiment (B) can also comprise copolymerizable oligomers or 
polymers such as, for example, macromonomers. 

20 

The photopolymerizable component (i) of embodiment (B) can be unpolymerized or 
partly prepolymerized as described above for embodiment (A). The 
photopolymerizable component of embodiment (B) is, however, preferably 
unpolymerized. Its viscosity can be modified if desired by dissolving part or all of 
25 the polymer additive with a solubility parameter of between 10 and 12.5. The 

weight percentages given above and below for ethylenically unsaturated monomers 
comprise both unreacted and partially prepolymerized ethylenically unsaturated 
monomers, if any. 
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( Epoxy component 

Organic epoxy compounds useful in the epoxy component (ii) of the precursor of 
the invention are any organic compounds having an oxirane ring polymerizable by 
ring opening. Such materials, broadly called epoxides, include monomeric epoxy 
5 compounds and epoxides of the polymeric type and can be aliphatic, aromatic or 
heterocyclic. Monomeric and oligomeric epoxy compounds preferably have at least 
two and more, preferably two to four, polymerizable epoxy groups per molecule. 
In polymeric type epoxides or epoxy resins, there may be many pendent epoxy 
groups (e.g., a glycidyl methacrylate polymer could have several thousand pendeat 
10 epoxy groups per average molecular weight). Oligomeric epoxides and, in 
particular, poljmieric epoxy resins are preferred. 

The molecular weight of the epoxy-containing materials (ii) may vary from low 
molecular weight oligomeric materials with a molecular weight, e.g., from about 

15 500 to polymeric resins with a molecular weight of about 50,000 or more and may 
vary greatly in the nature of their backbone and substituent groups. For example, 
the backbone may be of any type, and substituent groups thereon can be any group 
not having a nucleophilic group or electrophilic group (such as an active hydrogen 
atom) which is reactive with an oxirane ring. Illustrative of permissible substituent 

20 groups are halogens, ester groups, ethers, sulfonate groups, siloxane groups, nitro 
groups, amide groups, nitrile groups, phosphate groups, etc. Mixtures of various 
epoxy-containing materials can also be used in the epoxy part (it) of the precursor 
of this invention. The epoxy component (ii) preferably comprises a mixture of two 
or more epoxy resins in order to modify and control the mechanical properties of 

25 the thermoset adhesive. 

The term "epoxy resin" is used herein to mean any of dimeric, oligomeric or 
polymeric epoxy materials containing a plurality, i.e. at least 2, of epoxy functional 
groups. Types of epoxy resins that can be used include, for example, the reaction 
30 product of bisphenol A and epichlorohydrin, the reaction product of phenol and 
formaldehyde (novolac resin) and epichlorohydrin, peracid epoxies, glycidyl esters, 
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the reaction product of epichlorohydrin and p-amino phenol, the reaction product of 
cpichlorohydrin and glyoxal tetraphenol and the like. Cycloaliphntic epoxies are less 
preferred. 

5 Suitable commercially available diglycidic ethers of bisphenol-A rrr;; ijo^d Geigy 
Araldite™ 6010, Dow Chemical DER™ 331, and Shell Chemical Epon ™ 825, 
828, 826, 830, 834, 836, 1001, 1004, 1007, etc. 

A polyepoxidized phenol formaldehyde novolac prepolymer is avaiuible from Dow 
10 Chemical as DEN ™ 43 1 and 438 and from Ciba Geigy as CY-28 1 and a 
polyepoxidized cresol formaldehyde novolac prepolymer is available from Ciba 
Geigy as ECN™ 1285, 1280 and 1299. 

A polyglycidyl ether of polyhydric alcohol is available from Ciba C^oigy, based on 
15 butane- 1,4-diol, as Araldite ™ RD-2; and from Shell Chemical Corporation based 
on glycerine, as Epon ™ 812. 

Suitable commercially available flexible epoxy resins include polyglyco? diepoxies, 
DER ™ 732 and 736, from Dow Chemical Company, diglycidyl cvAqv of linoleic 
20 dimer acid, Epon ™ 871 and 872 from Shell Chemical Company, and oiiglycidyl 
ester of a bisphenol in which the aromatic rings arc linked by a long aliphatic chain, 
Lekutherm X-80, from Mobay Chemical Company. 

High functional epoxy resins (i.e. fiinctionalily greater than 2) which cixn be used 
25 include, for example, a solid epoxy novolac resin, DEN ™ 485 from Dow Chemical 
Company, a tetrafunctional solid epoxy resin, Epon ™ 1031 from Shell Chemical 
Company, and N,N,N',N'-tetraglycidyl-4,4'-methylenebisbenzcnainine, Araldite ™ 
MY 720 from Ciba Corporation. Diftmctional epoxy resins which can be used 
include, for example, a solid resin, N,N,N\N',-tetraglycidyl-a,A -bi3(4- 
30 aminophenyl)-p-diisopropylbenzene, HPT ™ 1071 from Shell Company, solid 
diglycidyl ether of bisphenol"9fluorene, HPT ™ 1079 from Shell Chemical 
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Company, and tn^i.^cidylether of paraaminophenol, Araldite ™ 0500/0510 from 
Ciba-Geigy Corpor ation. 



The amount of epo:\y component (ii) in the precursor of the thermosettable 
5 pressure-sensitivr; u(ihe:;?.ve c.cccrding to the invention preferably varies from about 
20 to about 70*^; j . j if;::re preferably from about 30 to about 60% by weight with 
respect to the ma.. A iho precursor. The epoxy component (ii) is chosen so that it 
is largely soluble U: - he photopolymerizable component (i) at room temperature 



without any macro scopic phase separation. Phase separation is known to contribute 
1 0 to loss of pressure -.'^e/isitive adhesive properties of the thermally uncured adhesive. 

It was surprisingly found that the photopolymerizable component (i) of the adhesive 
of the invention u-^.,3lvw:s a wide range of epoxy resins at high concentrations of 
50% by weight i : - : ^re based on the overall mass of the precursor. 



The precursor o:: M . p-^^^sure-sensitive adhesive of both embodiments (A) and (B) 
ftirthermore con: ij: : :u component ( iii) an effective amo unt of one or more 
photoinitiators. 'lit ) photoinitiator component is preferably present in an amount 



20 tfom about o.ul to about 5% by weight with respect to the mass of the 

photopolymerizp/riSf^ ::an5ponent (i). Any conventional free radical photoinitiator 
activatable by, for vjxaniple, ultraviolet light may be used. Photoinitiators w hich are 
u seful in the precrr^^'^r nf |he pB-p<:f>nf invP|ption [ in clude benzoin ethers such as 
benzoin methyl et!;cr of benzoin isopropyl ether, substituted benzoin ethers such as 
25 2-methyl-2-hydr{);::;!propiopheJione, aromatic sulfonyl chlorides such as 2^ 
naphtalenesulfonyl c*.hloride, and photoactive oxides such as 1-phenyH, 1- 
propanedione-2-(()-ethoxy carbonyl)oxime. An example of a commercially available 
photoinitiator is Irgacure^^^ 65 1 available from Ciba-Geigy Corporation, having the 
formula 2,2-dimethoxy- 1 ,2-diphenylethane-l-one. 





30 
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Latent nuclcophilic hardener component fiv) 

flie iH^ddiii^iJiJr U! IHy in^^rmosettaBle pressure-sensitive adhesives according to the 
present invention comprises one or more latent nucleophilic hardeners for the epoxy 
component (ii) which react with the oxirane ring of the epoxy compounds of 
5 component (ii) in an eflFective amount to cause cross-linking of the epoxy 

component (ii). It is an essential feature of the present invention that the hardener 
compounds are latent and that they are selected to provide when subjecting the 
photopolymerized thermosettable pressure-sensitive adhesive to a DSC scan at a 
rate of 20°C/min, an onset temperature of the epoxy curing reaction of below 
10 lOO^C. 

The term "latent" means that the hardener compound is essentially unreactive at 
room temperature, but reacts rapidly to effect curing once the onset temperature of 
the epoxy curing reaction has been exceeded. The onset temperature, which is 

15 measured by the method cited under test methods, is above room temperature and 
below 100°C, preferably between 40 - 90^*0 and more preferably between 40 - 
80°C. Rapid reaction means that the epoxy curing reaction is completed to a degree 
of at least 80% of fiill curing within 2 hours, preferably within 1 hour and more 
preferably within 30 minutes or less when subjecting the photopolymerized, 

20 thermosettable adhesive to a temperature of about 10°C above the onset 
temperature. 

The preferred lower limit of 40'*C is chosen to allow for convenient handling of the 
thermosettable pressure-sensitive adhesive at room temperature, whereas the upper 
25 limit of lOO'^C ensures that the thermosettable pressure-sensitive adhesive of the 
present invention can be used for bonding plastic substrates. The lower limit of the 
onset temperature range can also be below 40 °C but has to be chosen to ensure 
that the hardener is essentially unreactive at room temperature. 

30 The hardener compounds used in the present invention are nucleophilic and heat- 
activatable and preferably contain one or more nitrogen atoms Avith at least one 
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active hydrogen atom. Latency of the hardener compounds is preferably based on 
solvent effects and the activity of the hardener compounds can be controlled, for 
example, by crystallinity, solubility or encapsulation. In the case of crystallinity 
eflfects, the hardener compounds are added to the thermosettable pressure-sensitix e 
5 adhesive in the form of small solid crystalline particles. The curing reaction hi 
retarded by the crystalline nature of the hardener compounds, which prevents the 
curative from being dissolved in the epoxy component (ii). The onset temperature 
thus usually corresponds to a temperature slightly greater than the melting 
temperature of the hardeners. The hardener may also exhibit a very low solubilhy in 

10 the thermosettable pressure-sensitive adhesive at room temperature which 
drastically increases at higher temperatures. It has also been suggested to 
encapsulate the hardener compounds within other materials such as, for example, 
meltable waxes, meltable polymers or frangible or dissolvable encapsulating agents 
so that the hardener compounds are physically separated from the epoxy component 

1 5 (ii) of the precursor below the onset temperature of the epoxy curing reaction. The 
encapsulating material is molten upon heating thus releasing the hardener compound 
into the precursor. 

In a preferred embodiment, the hardener component (iv) comprises one or more 
20 crystalline hardener compounds which 

• exhibit a mehing temperature of between 40 and 80°C and more preferably of 
between 50 and 70°C, 

• are insoluble in the precursor of the embodiment (A) or (B) at room temperature 
25 or slightly elevated temperatures, and 

• are soluble in the precursor of embodiments (A) or (B) at temperatures above 
the melting point and effect rapid thermal curing. 

Especially preferred are the commercially available hardeners Ancamine™ A 
30 2337XSand A2D14FG. 
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It has also been suggested, for example, in US 5, 3 10, 840 to use electrophilic, UV- 
activatable hardener compounds for curirig acrylate/epoxy based systems. These 
hardener compounds are disadvantageous because they have to be added to the 
thermosettable pressure-sensitive adhesive after the photopolymerization of 
5 component (i) has been carried out and, in addition, they must be UV-active before 
the thermal curing can be carried out. 

The degree of latency is reflected in the slielf-life of the thermosettable pressure- 
sensitive adhesives. The percentage of rcvnaining epoxy curing reaction preferably 

10 is at least 80%, more preferably at least 90% after 8 weeks, more preferably at least 
80% after 20 weeks and especially preferably at least 80% after 1 year of storage at 
room temperature. The advantageous shelf-life and storage times are due to the 
composition of the photopolymerizable component (i) which exhibits a moderate 
overall solubility parameter of between 10 and 1 1 and is essentially based on 

15 compounds with a moderate solubility parameter of between 10 and 11.5. 

The degree of curing of the adhesive can be measured and the percentage of the 
remaining epoxy cure reaction estimated by standard differential scanning 
calorimetry techniques such as those described in Thermal Characterization of 
20 Polymeric Materials, Edith A. Turi, Ed. (Academic Press, 1981), in particular, in 
Chapter 5, "Thermosets", pp 435-563. 

The latent hardener compounds which are useful in the present invention are 



wherein R is a mono- or multivalent organic residue, Xj is, independently from one 
another, a linear or branched alkyl group with at least 8 C atoms wherein at least 
30 one of the -CH2- groups is replaced with a -NH- group and/or which exhibits a 




from a group of compounds according to formula 11 



25 




n 
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terminal N-containing ^loup which contains at least one active H atom and i is an 
integer from 1-4. 



R preferably comprises a: least one cycloaliphatic or aromatic ring which optionally 
5 may comprise hetero ato ^ , R preferably comprises at least one benzene ring. The 
molecular weight of the organic residue R preferably is between 62 and 450. 
Especially preferred is Vv^ f jllov/ing smaller group of organic residues according to 
formula III 




in 



wherein 

is optionally >ui..u.iute d mono- or multivalent cyclohexane, benzene or 
naphthalene, 

Z is a single hotvl o: a linear or branched alkyi group with up to 6 C atoms 

15 

wherein one o n vo e Cn2- groups may be replaced with -O- or -CO- with 

the proviso that j '/ O atoms are not directly linked, and 

is optionally ^ubstnuted mono- or multivalent benzene. The valences on 
groups A and B ai e not shown. 

20 

preferably is a mono- or multivalent benzene or naphthalene, and 

Z preferably is a single bond or -(CH2)n- or -(CH2)o- COO- (CH2)p-, with n being 
I, 2, 3 or 4, o and p being independently 0, 1, 2, 3 or 4 and o + p being 1, 2, 3, 
4, 5 or 6. 

25 

-24- 
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' 'i preltr'Aly independently from one another comprises at least 8 and more 
jiCilj abt> at least 10 CH2 groups which may be substituted independently from 
::ii:h uilii;; \ Ai\\ hydroxyl and halogen, and which may be replaced with -0-, -CO-, - 
x^IJ ■ : r M alkyl- with the proviso that two O or two N atoms are not directly linked 

?.sp^oiaI.;> Oi eferred are the following compounds according to formula IV 




CH3 
I 



Q h -OCH2CHCH2-NHCH2CHCH2CCH2CH2NH2 or 

OH CH3 CH3 



-OCH2CHCH2-(NHCH2CH2)^-(NHCH2CH)-NH2 

I ^1 

OH CH3 



and q and r independently are 1, 2, or 3 and q + r is 1, 2, 3, 4 or 5. 

Tiie compounds of formulae II or IV can be obtained by conventional methods. The 
compounds of formula IV can be obtained, for example, by reacting an aliphatic 
amine of formula 
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(j:H3 (j:H3 

H2N-CH2CHCH2(j:CH2CH2NH2 
CH3 



5 with an epoxy compound or formula 




Similar reaction schemes can be applied to obtain the compounds of formula II. 

10 

A compound according to formula IV is commercially available from Air Products, 
Manchester, U.K. as Ancamine 2337 XS. 

Other suitable latent nucleophilic hardeners are commercially available from Ciba 
15 Geigy, Switzerland, as HT 939 and from Air Products as Ancamine A 2014 FG. K T 
939 is a latent modified polyamide hardener. 

The amount of the hardener component (iv) required to effect substantially 
complete hardening of the epoxy component (ii) within a desired length of time, 

20 depends on the specific hardener compounds and the epoxy component (ii) used. 
The amount of the hardener component (iv) preferably varies between 2 and 50%, 
more preferably between 5 and 50% and especially preferably between 8 and 50% 
by weight based on the mass of the adhesive. Typically, a mass ratio of epoxy 
component (ii) to hardener component (iv) of from 0.5 to 10 and more preferably 

25 from 1 to 5 is employed. The curing time mainly depends on the amount of the 
hardener component (ii) and on the curing temperatures employed. Using curing 
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temperatures in the temperature range of 00 1 0()"C, the curing time may be up to 
two hours. At temperatures of 85 ""C, fo - r.f ample, curing times of typically 30 to 
60 minutes or less may be applied. The /.og cime is defined as the time for which 
80% or more of the curing reaction has bccu completed. 

5 

The curing times can be considerably decreased by increasing the curing 
temperature of the epoxy component to hipJier temperatures, such as, for example, 
100 - 250°C. The greater the difference b : .;u the curing temperature applied and 
the onset temperature of the epoxy curing -;a.:don, the more the curing time will be 
10 reduced. It was found that curing times o ' ! 0 :.c-conds or less can be obtained when 
using differences between the actual curii v ; L^riaerature and the onset temperature 
of the epoxy curing reaction of typically i : -t ^ OO'^C or more and more preferably 
of about IIS'^C or more. 

15 The selection of the actual curing tempenvrare depends on the thermal sensitivity of 
the substrates to be bonded. When using t ^ en curing the curing temperature of 
polymeric substrates is typically selected io be leys than 100°C and, more 
preferably, not more than 90°C whereas raohiUic substrates, for example, allow for 
higher curing temperatures. With other cni ing techniques, higher curing 

20 temperatures may also be applied to polyr.isric sifbstrates. Copending European 
patent application no. 96 II 2 71 5.6 filed <m Aut^ast 7, 1996, by Minnesota Mining 
and Manufacturing Company, U S A., describes a hand-held device for adhering, 
for example, anchoring devices mch as metal buttons having a thermosettable 
adhesive layer, to a substrate using curing tempcM atures of the thermosettable 

25 adhesive layer of up to SOO^'C. It was found by (he present inventors that this 

device can be used to apply, for example, aluminum buttons like those of Fig. 4 of 
copending EP *715 to plastic substrates such as polycarbonate or polymethacrylate 
substrates using a hot bar plate temperature of this device of between 180 and 
300°C and contact times of 10 seconds or less. These contact times at the 

30 respective hot bar plate temperatures are high enough to result in high overiap shear 
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Strengths between. ^ a iinri/iun) button and the plastic substrate, and they are low 
enough not to dar ^.ar;? the ] elastic substrate to an unacceptable degree. 



The hardener 1 (s v) comprises one or more hardener compounds, 

5 preferably betv- ; : 3 and Tnore preferably 1 or 2 hardener compounds. 

The precursor of^hr hrj mosettable pressure-sensitive adhesives may also comprise 
accelerators wh'w-i ; : used io increase the rate of the epoxide curing reaction 
without essenti:::!; .frbrlini: he onset temperature. Particularly preferred 
10 accelerators ^si\ au ipi.:, imidazoles which often tend to extend the shelf-life of 
the thermoselta*: ^ • vrt .iensitive adhesive of the invention. Examples of 
suitable imidazo) v ; include ? 4-diamino-6-(2'-methyI-imidazoyl)-ethyl-S-tria2ine 
isocyanurate, 2 -phenyl-4-benzyl-5-hydroxymethylimidazole; and micronized hexakis 
(imidazole)nickc' r^hdmlate. 





Optional comp on; nt3 and ad ditives 

Thi phntnpnijrr ' I ' . ' {*) of the precursor of the thermosettable 
pressure-sensitiv ; iuliesive of both embodiments (A) and (B) may also contain a 
small amount of c ^: or a.ort: crosslinking agents. T he addition of crosslinking 
20 agents tends to :irr i:)t::l^j tackines s of the p hotopolymerized thermosettable adhe sive, 
but typically also i ic ease s its stiffness which facilitates^ f or exa mple, handling o f 
sheet-like mal eri^il Consequently, the amount of crosslinking agents is preferably 
selected in view o ' i w; intended application. The amount of the crosslinking agents 
is, however, prefers tly r.ot ^rore than 1% by weight with respect to the mass of the 
25 photopolymerizal: v: :o5ripoiicnt (i) and varies more preferably between 0 and 0.5% 
by weight with re:;pfK:t to the mass of the photopolymerizable component (i). 

Useful crosslinking agents are those that are free-radically polymerizable with 
acrylate monomer:; such as, for example, divinyl ethers, multi-functional acrylates or 
30 methacrylates or croisslinkers comprising at least one acrylate group and at least one 
epoxy group. Examples of multi-functional photoinitiators include multifunctional 
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(tiictli)acrylates such as, for example, 1,6-hexanediol diacrylate, tri-methylol- 
pi cprir.c triacrylate, pentaerythritol tetraacrylate, and 1,2-ethylene glycol diacrylate, 
Ui ;:thane di , tri- and higher functional (meth)acrylates and other organic materials 
comprising more than one free radically polymerizable double bond. 

Wiiere a foam-like photopolymerized, thermosettable pressure-sensitive adhesive 
tap^ is desired, the precursor of the pressure-sensitive adhesive of both 
enibodiments (A) and (B) may comprise polymeric microspheres. Suitable 
microspheres are commercially available from Kema Nord Plastics under the trade 

1 nciue "ExpanceT and from Matsumoto Yushi Seiyaku under the trade name 
''hlicropearr*. When expanded the microspheres have a specific density of 
approximately 0.02 - 0.036 g/cc. It is possible to include the unexpanded 
nricrospheres in the pressure-sensitive adhesive composition and subsequently heat 
ttiem to cause expansion when they are appropriately processed, but it is generally 

1 : preferred to mix the expanded microspheres into the adhesive. This process makes 
ii: easier to ensure that the hollow microspheres in the final adhesive are substantially 
surrounded by at least a thin layer of adhesive. Polymeric microspheres having an 
average diameter of 10 to 200 |Lim may be blended into the polymerizable 
composition in amount from about 15% to about 75% by volume prior to coating. 

20 

Also useful are glass microspheres having an average diameter of from 5 to 200 jim, 
preferably fi om about 20 to 80 |im. Such microspheres may comprise 5% to 65% 
by volume of the pressure-sensitive adhesive. Both polymeric and glass 
microspheres are known in the art. Useful polymeric microspheres are, for 

25 example, core/shell fillers comprising a low Tg core polymer and a shell polymer 
wWch is compatible with the precursor. Core-shell fillers which are useful additives 
to the precursor of the present invention comprise, for example, a rubber or a 
silicone polymer core which is bonded to a polymethylmethacrylate shell polymer. 
A preferred core/shell polymer is commercially available as Modifier 445006 fix)m 

30 Wacker Chemie, Munich, Germany. The pressure-sensitive adhesive layer of the 
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tape should be at least three times as thick as the diameter of the microspheres, 
preferably at least seven times. 



The photopolymerizable precursor of the thermosettable adhesive according to both 
5 embodiments (A) and (B) may further comprise additives such as, for example, one 
or more inorganic fillers like finely divided iron oxide, titanium dioxide, calcium 
carbonate, carbon black or filmed silica. Especially preferred is hydrophilic silica 
which is commercially available, for example, firom Degussa, Hanau, Germany, as 
Aerosil R 972, R 974 or R 976. 

10 

The photopolymerizable precursor of the thermosettable adhesive according to 
embodiments (A) and (B) may fiirther comprise one or more organic fillers such as, 
for example, finely divided polysaccharide fillers. Inorganic or organic fillers may 
be added to the precursor in order to improve its coating viscosity. Inorganic fillers 
15 and, in particular, filmed silica also tend to improve the mechanical properties and, 
in particular, the shear strength of the thermoset adhesive. The amount of inorganic 
and organic fillers preferably varies between 0 and 10% and more preferably 
between 0 and 5% by weight with respect to the mass of the pressure-sensitive 
adhesive. 

20 

While the precursor according to embodiment (B) mandatorily requires the addition 
of one or more polymers with a solubility parameter of between 10 and 12,5 in 
order to reduce the solubility of the hardener component (iv) in the 
photopolymerizable component (i) and the epoxy component (ii), the precursor 

25 according to embodiment (A) may optionally fiirthermore comprise polymer 
additives such as, for example, vinyl ester type polymers such as, for example, 
polyvinylacetate or polyvinylacetate copolymers or polyacetal type polymers such 
as, for example, polyvinylbutyral. Preferred are also phenoxy resins. The polymer 
materials listed illustrate the invention without limiting it and the precursor of 

30 embodiment (A) can comprise other essentially dead polymer additives. 
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The photopolymerizable component (i) of both embodiments (A) and ; f \i .:7 
furthermore comprise macromonomers which are copolymerizable with n^y. 
respective component (i) such as, for example, the vinyl-terminated p(>";v Tvjjic 
macromonomers described in US 3,786,116 or US 3,842,059. 

5 

In case of the precursor of embodiment (A) the amount of "dead" polymer 
additives and copolymerizable macromonomers preferably varies between 0 - 7.5% 
and more preferably between 0 - 5% by weight with respect to the m;iM:% ol the 
pressure-sensitive adhesive. These additives are useful, for example, for improving 
10 adhesion of the thermally uncured and cured adhesive to various of siiii.' tojtv:? -ib 
well as controlling the viscosity of the precursor to aid coating and pi : .js .rn;. 

In case of the precursor of embodiment (B) the amount of copolymer iiiaLie 
macromonomers preferably varies between 0 - 5% and more preferably bci ween 0 - 
15 4% by weight with respect to the mass of the pressure-sensitive adhesive. 

Other materials which can be blended with the precursor of the therni :i^:: ;rpble 
adhesive of both embodiments (A) and (B) include tackifiers, plasticizers, coloring 
agents, reinforcing agents, fire retardants, thermally conductive agents;, post- curing 
20 agents such as post-curing curatives and their accelerators, and the like. 

Above and below, the mass percentages of components (i) - (iv) and, optionally, of 
other components and additives of embodiment (A) and (B) add up tc 1 GC^ o by 
weight for each precursor and thermosettable or thermoset adhesive, respectiveiy. 

25 

Preferred uses of the thermosettable adhesives of embodiments (A) an d (B'ji 
The photopolymerized, thermosettable pressure-sensitive adhesive act:ording ro thi? 
present invention is preferably used in sheet-like or ribbon-like form suoii ar^ for 
example, as adhesive film or adhesive tape. Sheet-like adhesives can he, used, for 
30 example, as adhesive sheet segments such as those formed by die-cutting. 
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Especially preferred are U a;.:;:^./ fiunr, or tapes, comprising the photopolymerized, 
thermally-curable pressui ^ JhcsKe of the present invention attached to a 

removable adhesive-repcl icr/i bd-iUiig or release liner. Transfer tapes can be 
obtained, for example, by ^ . 1 1.: precu rsor according to the invention onto a 
5 flexible liner or carrier ^^-b > ;]li;:or)izcd paper or siliconized polyester film, 

with subsequent photop( Ivn.jr.; jlioa in an inert, i.e., a substantially oxygen fi^ee 
atmosphere, e.g., a nitrog jtj ;;j.riiosxjht:.re. A sufficiently inert atmosphere can be 
achieved by covering the hjz. A'^lx. y.ecu; sor with a polymeric film liner such as a 
siliconized polyester film '/[ i rJi i:; subAeantially transparent to ultraviolet radiation, 
10 and irradiating through th ? ir described in US 4,181,752 (Martens et 

al.). 



The release liners are the/; . . un o:! piior to applying the resulting transfer tape of 
the thermosettable pres;; . \ : mJve adhesive to a surface to be bonded. 

The photopolymerized il . : j; ^liable pressure-sensitive adhesives of the present 
invention exhibit 

• an onset temperature. *:>r < <: ep< : vy curing reaction of below 100°C, and 

• advantageous adhesio.:i tc \ ; *ioi:s irfaces and, in particular, to low energy 
surfaces such as plastie rfaces prior to and after thermal curing. 



15 



20 



The low onset temperature v ; ila: ^locxy curing reaction allows for low curing 
25 temperatures of below, for f^i :;i:;i;ok-. ) OO^'C which is compatible with most plastic 
substrates when using oveti i ml 7ht thermosettable pressure-sensitive adhesive 
of the present invention is therefore especially usefijl for bonding a plastic substrate 
to other substrates such as sr eial, glas", ceramic, wood and plastics. 

30 The pressure-sensitive adhesive of the present invention is particularly useful for 
bonding two plastic surfaces. The resulting assembly is characterized by 
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advantageous mechanical properties and exhibits an overlap shear strength of at 
least 3 MPa, more preferably of at least 4 MPa and, especially preferably, of 5 MPa 
or more. Assemblies comprising two plastic surfaces which are bonded with a 
thcimoset adhesive the precursor of which comprises a blend of an acrylate-based 
i pressure-sensitive adhesive and one or more thermosettable epoxy resins and/or 
monomers and is cured at a temperature above the onset temperature of the epoxy 
curing reaction of below 100°C to give an overlap shear strength of the assembly of 
at least 3 MPa, are new and they are subject matter of the present invention. 



'0 Curing at relatively low temperatures of not more than lOO^C typically requires 
curing times of between 30 to 120 minutes or less. The curing times can be 
decreased by increasing the curing temperature and it was found that higher curing 
temperatures can be used to adhere, for example, metal bars or metal buttons to 
plastic substrates using, for example, the hand-held device described in copending 

1 5 European patent application no. 96 1 12 715.6. 

It v/as furthermore found that the photopolymerized thermosettable adhesive of the 
present invention exhibits advantageous adhesion to various surfaces such as metal, 
glass or ceramics prior to and after thermal curing and can be used for preparing 
20 assemblies such as, for example, metal-metal, glass-metal, glass-glass, metal- 
ceramic and so on. Many of these assemblies can be prepared at higher curing 
temperatures. 



The invention is further illustrated by the following non-limiting Examples. Prior to 
25 that some test methods used to characterize the thermosettable and thermoset 
pressure-sensitive adhesive, respectively, according to the invention wUl be 
described. In the examples, percentages given are percents by weight and refer to 
the mass of the photopolymerizable precursor of the thermosettable adhesive. PPh 
means parts per hundred resin and refers to the mass of component (i). 

30 
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Test methods 

Overlap shear strength test 

Dynamic overlap shear tests were performed on assemblies comprising the sequence 
5 Al coupon/adhesive/Al coupon or plastic coupon/adhesive/plastic coupon, 

respectively, using a modified version of ISO 4587 or DIN 53283, respectively. 
The adhesive layers used are specified in the Examples and comprise thermally- 
cured or thermoset adhesive layers. The test method used deviated from the 
standard test methods specified above in that the crosshead speed was 5 mm/min. 
10 The tests were repeated three times for each sample and an average value was 
recorded in MPa. 

Assemblies tested: 
1. Al/adhesive/Al 

15 Al coupons (100 m x 25 mm x 2 mm) were subjected to light abrasion 

treatment with a Scotchbrite™ scrubbing pad (available firom 3M Company) 
followed by soap/water and finally cleaned with isopropyl alcohol. 

One of the two protective liners was removed fi-om the adhesive layer and the 
20 adhesive surface was applied by hand to the cleaned surface of one of the 

coupons. Then the other liner was removed and the second adhesive surface 
placed against the cleaned surface of the second coupon in the configuration 
described in above methods. The adhesive layer was aligned with the longer 
side perpendicular to the direction of the applied force during the overiap shear 
25 test and it was always placed so that it was flush with the end of the bonded 

coupon. 

The assembly obtained was passed through a laboratory scale laminator 
available fi*om Sallmetal (Raalte, The Netheriands), using a pressure of 2 kg 
30 and a speed of 300 mm/min to remove air bubbles and ensure a uniform 

contact. The assemblies were passed through the laminator two times. 
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The assemblies were subjected to thermal curing in a forced air oven at 85*^0 
for 45 minutes. Prior to testing, the assemblies were conditioned in a constant 
temperature room (23 ""C, 55% relative humidity) for at least 12 hours. 

5 

2. Plastic/adhesive/plastic 

Two coupons (75 mm x 15 mm x 10 mm) of the same plastic material were 
cleaned with isopropyl alcohol and dried. The assembly was obtained as is 
described above for the Al/adhesive/Al assemblies. 

10 

The following plastic materials were used: 

- polycarbonate (PC), available as Lexan™, clear, from General Electric 
Plastic 

15 - polymethylmethacrylate (PMMA), available as Plexiglas™ (clear) from 

Rohm & Haas, Darmstadt, Germany 

- acrylonitrile butadiene styrene (ABS), available as Royalite™ (general 
purpose) from 

Uniroyal, USA 

20 - plasticized polyvinylchloride (PVC), available from BGS Kunststoff GmbH, 

Duesseldorf 

- polyamide (PA), available from BGS Kunststoff GmbH 

- polyethylene (PE) 

- polyethyleneterphthalate (PET) 

25 

Dynamic shear strength test 

An adhesive bond is prepared by adhering a bracket bearing a flat plate having the 
dimensions 1 mm x 16 mm x 23 mm to 5 mm thick test substrate having the 
dimensions 30 mm x 80 mm using an adhesive layer 500 ^m thick and having the 
30 same dimensions as the flat plate of the bracket (16 mm x 23 mm). The test bracket 
is made of mild steel and is available commercially as A-25 16 from R. A. Labone 
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Company (Ilkeston, UK). The bracket is scmbbed with a scouring pad and cleaned 
with MEK before the adhesive bond is formed. 



The adhesive bond is then thermally cured using a Double Fast-Curing Device for 
5 Clips, commercially available as Mcicid 1856-95 from ARI di Villa Aurelio e Perino 
s. n. c, 20065 Inzago, Italy. The asiiembly comprising the test bracket-adhesive- 
substrate is placed on the curing device so that the back of the flat plate of the metal 
bracket is in contact with the heated rnetal blocks of the curing device. 

10 The resulting bond is tested using a ^ ; lectronic tensile tester having a 5 kN load 
cell The test substrate is grasped i : ; ne of the jaws of the tensile tester and the 
second jaw is aligned so that it can ? : used to exert force against the steel test 
bracket in a manner such that shear, t., forces are applied to the adhesive bond. 

15 The jaws of the tensile tester are thca moved together at a rate of 5 mm/min until 
the steel bracket is sheared away from the test substrate. 

The force required to break the adh^jive bond was recorded in N and normalized 
using the cross-section dimensions o^* the adhesive bond, resulting in test value 
20 expressed in N/mm^. 

The strength of the bond was measui cd three times by testing three separately 
prepared assemblies and then averaging the results. 

25 Cleavage strength test 

An adhesive bond was prepared by adhering an aluminum bracket to a 6 mm thick 
sheet of rolled glass. The flat base of the aluminum bracket was circular and had a 
diameter of 20 mm. The aluminum bracket was adhered to the glass substrate using 
a circular section of adhesive having a thickness of 0.5 mm and a diameter of 20 

30 mm. 
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The adhesive layer of the assembly thus prepared was thermally cured using a hand- 
held devi such as that described in copending European patent application no. 96 
112715.6. 

5 The strength of ihe adhesive bond was determined by applying cleavage forces to 
the bond by, firsx, mechanically engaging one end of a lever arm with the aluminum 
bracket, and, then, in a 90° fashion while holding the glass substrate stationary, 
exerting force on the lever arm at a distance of 50 mm from the adhesive bond. 
Force wa3 applied using an electronic tensile tester having a 5 kN load cell by 
10 moving th . jaws. <;part at a rate of 2.5 mm/min until bond failure resulted. The force 
required to break the bond was recorded in N. 

90° peel adhesion test 

90° Peel adhesiv e was determined using PSTC-14, a procedure specified in "Test 
15 Methods for Pressure Sensitive Adhesive Tapes," 8th edition, available from the 
Pressure- Ssnsiti^ ^ Adhesive Tape Council, 1800 Pickwick Ave., Glenview, IL 
600025-1377, US. A. 

Layers oft he respective adhesives described in the Examples which were protected 
20 by two lir^ers, were cut into strips with a width of 12.7 mm. One of the two liners 

was removad fro ii] the adhesive layer and a strip of an aluminum foil (0. 135 mm 

thick, width of 16 mm) was applied to the exposed adhesive by hand pressure. 

Then the liocond liner was removed and the exposed adhesive applied to the 

respective substrate. The assembly thus prepared was passed between the rubber- 
25 coated rolls of a laboratory scale laminator (Sallmetal, Raalte, The Netherlands) at a 

speed of 300 mm/min and a pressure of 2 kg. The assemblies were passed through 

the laminator twice. 

The construction obtained was allowed to rest in a constant temperature room 
30 (23°C, 55% relative humidity) for 30 minutes before testing. The adhesives tested 
were not thermally cured before the peel adhesion test. 
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Onset temperature of the epoxv curing reaction 

The onset temperature of the epoxy curing reaction is measured by heating an 8 mg 
sample of the photopolymerized, thermally-uncured pressure-sensitive adhesive 
5 from -20 to 250°C at a rate of 20°C/min. The measurements were performed using 
a differential scanning calorimeter Model 7 manufactured by Perlcin-Elmer, The 
onset temperature was calculated by the computer software provided as an integral 
part of the instrument. 

10 Materials used in the Examples 

Ethylenically unsaturated monomers 

1 . 2-Phenoxy ethyl actylate (2-PhEA), available from Osaka Chemicals, 
Japan. 

2. Isobornylacrylate (IBA), available from Osaka Chemicals, Japan. 
15 3 . N- Vinyl caprolactam (NVC), available from BASF, Germany 

4. Butyl acrylate (BA), available from Aldrich, U.S.A. 

Thermosetting epoxy resins 

1 . DER 331, digylcidyl ether bisphenol A tape resin (aromatic), epoxy 
20 equivalent weight 180, available from Dow Chemical, Midland, MI, 



USA 



25 



4. 



5. 



3. 



2. 



DEN 43 1, epoxy equivalent weight 175, available from Dow 
Chemical, Midland, MI, USA 

DEN 438, epoxy equivalent weight 175, available from Dow 

Chemical, Midland, MI, USA 

ERL 4221, cycloaliphatic 3,4 epoxy (specifically 3,4- 

epoxycyclohexylmethyl-3,4-epoxy-cyclohexane-carboxylate), epoxy 

equivalent weight 137, available from Union Carbide. 

EPON 828, diglycidic ether of bisphenol- A, available from Shell 



30 



Chemical 
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6. 



EPON 1001, diglycidic ether of bisphenol-A, available from Shell 
Chemical 



Hardeners 

5 1. A2337XS, Ancamine (TM) modified aliphatic anuoe, nvaiiable fiom 

Air Products (Manchester, UK) 

2. A2014FG, Ancamine (TM) modified aliphatic iimp-. avfiilable from 
Air Products (Manchester, UK). 

3. HT 939, available fi-om Ciba Geigy, Switzerlarc 

10 

Photoinitiators 

L 2,2 Dimethoxy-2-phenylacetophenone, available aii L^i^dmu; 651 from 

Ciba Geigy (I 651) 
2. 2,2 Dimethoxy-2-phenylacetophenone, availabk: ir> fci.^- i from 
15 Sartomer, Exton, PA (KB-1) 



Crosslinkers 

1 . 1,6-Hexanediol diacrylate, available from B AS F (ff Di > ) 



20 Polymers 

1 . Polyvinyl acetate, available as Vinnapas UWl irom Wacker Chemie, 
Burghausen, Germany (UWl) 

2. Levapren KA 8479, ethylene vinyl acetate copolymer from Bayer, 
Leverkusen, Germany; 80% vinyl acetate, 20% erhyle^ie (KA 8479) 

25 3. Levapren 700 HV, ethylene vinyl acetate copo{yn:.*r (: orn Bayer, 

Leverkusen, Germany; 70%i vinyl acetate, 30% ethylene (700 HV) 
4. Core shell polymer, available as EXL 2691 from Rohm & Baas, 
Philadelphia, PA, USA (EXL 2691) 
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Fillers 

1. Hydrophobic fumed silic.^i. ailable as Aerosil R972 from Degussa, 
Hanau, Germany (R 972) 

2. Hollow glass microsphej \ /ailab^c from 3M Company, St. Paul, 
U.S.A. as CI5/250 (average diameter 20-120 pm) (GB) 



EXAMPLES 
Example 1 

Isobomyl acrylate (23% by weight) ai.u p-ienoxy ethyl acrylate (15% by weight) 
10 were combined with 0.04 pph Irgacurc S!^ i photoinitiator and stirred until the 
photoinitiator was dissolved. This miAtiu ;* was then purged with nitrogen and 
partially polymerized using UV radiatioii ..j that about 4-10% polymer was present, 
as described in US 4,181,752, thus foiniirg a partially polymerized, coatable syrup. 
The polymerization was stopped by removing the light source. 

15 

An additional portion (0. 16 pph) oiTrg .u.ae 651 photoinitiator was then added, as 
well as 0.1 pph 1,6-hexanediol diacrylau; s HDDA) crosslinker. 

Then 42% by weight of DER 33 1 and 20^0 by weight of A2337XS were added and 
20 the mixture was mixed mechanically for 36 hours or until homogeneous. 

The viscous mixture was then coated onto a 40 micron transparent silicone-coated 
polyester liner to a thickness of 500 microns using a knife coater and coated with a 
second transparent silicone-coated polj r;3^er liner. The acrylic monomers were then 
25 radically photopolymerized between Xhi- c t vo transparent liners using UV light as 
described in US 4, 18 1,752. The total UV energy applied was 2.7 mW/cm^ 

Onset temperature of the epoxy curing reaction, 90° peel adhesion of the thermally- 
uncured adhesive and overlap shear strength of the thermally-cured adhesive were 
30 measured as described above. The onset temperature was 70°C. The other results 
are summarized in Table 3. 
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Examples 2 ] 5 >i?;d Cori ipa rative Examples 1 - 4 

Adhesive layms \ . p;wjaied according to the method of Example 1, varying the 
compDsition^iS indicated m Table 2. IB A is isobomylacrylate, 2-PhEAis 
5 phenoxyetli) dcxyiu :; j^i-- epoxy (type) and hardener (type), respectively, denote 
the epoxy re f.n ao/i Tri- ! jj riener compound, respectively, according to the list 
"Materials uii;/J ia \he Examples" which was given above. 

Onset tempe lur^ rooxy curing reaction, 90° peel adhesion of the thermally- 

10 uncured adh ive . ^ :; ;i::p shear strength of the thermally-cured adhesive were 
measured as -.esc il od above. The onset temperatures measured in Examples 2-15 
were 69-70 The other lesults are summarized in Table 3. 

Comparative /-"Example 5 

15 A commerci:'.!ly a vailable high performance acrylic bonding transfer tape (VHB 
acrylic adheci c tap ^ 4915, available from Minnesota Mining and Manufacturing 
Co., St. Pau; Minn /:c , USA) was subjected to the 90° peel adhesion test and the 
overlap shea) streufith xe vs as described under Test Methods above, with the 
exception tha<: the i? >..en?b:y used for the measurement of overlap was not subjected 

20 to thermal ci: - ing before overlap shear strength was measured. The results obtained 
are given in l able 3. 

3M Tape 494:> is a iion thermosettable pressure-sensitive adhesive tape and is 
included as a ;;omparitive example to show bond strength and performance of a 
25 state-of-the art hi^h [icrfi^stnance pressure-sensitive tape which is not thermally 
curable. 

Com parative Rxaniole 6 

A commercially available thermally-curable epoxy/acrylate pressure-sensitive 
30 adhesive transfer tape (3M 9245 SBT available from Minnesota Mining and 
Manufacturing Co. St. Paul, MSnnesota, USA) was subjected to the 90° peel 



-41- 



wo 98/212.S7 PCT/US96/18841 

adh(ision test and the overlap shear strength test as described under the Test 
Methods above with the exception that the assembly used for the measurement of 
oveiiap shear strength was thermally cured at a temperature of 170°C for 30 
minutes. 

5 

The overall solubility parameter of the photopolymerizable component (i) of Tape 
r:*:4:- is about 10.5, and 9245 contains more than 10% by weight with respect to the 
pliolopolymerizable component of monomeric compounds with a solubility 
paraijieter of more than 11.5 The onset temperature of the epoxy curing reaction of 
10 Tape 9245 is about 135°C, 

Examples 16-21 

Acrylic monomers as listed in Table 4 were combined with 0.2 pph Irgacure 651 
photoinitiator, 0.1 pph 1,6-hexanediol diacrylate (HDD A) and stirred until the 
I 5 photoinitiator was dissolved. Epoxy resins, hardener compounds, fillers and 
polyiTiers were added sequentially in the amounts given in Table 4, and stirred 
mecimnically until the mixture was homogeneous. 

No pi epolymerization to a syrup was necessary in this case, as a coatable viscosity 
20 was inherently present. 

Onset temperature of the epoxy curing reaction, 90° peel adhesion and overlap 
shear strength were measured for the adhesives of Examples 16-20 as described 
above. The onset temperatures of Examples 16-21 were 70-73X. The other results 
25 are summarized in Table 5. 

A layer of the photopolymerized, thermosettable adhesive of Example 21 with a 
tliickness of 500 (im was applied to a steel mounting bracket having a flat plate 
(dimensions of 1 x 16 x 23 mm) and adhered to polycarbonate or polymethacrylate 
30 substrates, respectively (dimension 80 x 30 x 5 jim). The backside of the steel 
bracket was then contacted with a heated metal plate as described under the test 
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method "Dynamic Shear Strength Test" and held at an elevated temperature which 
was varied as described in Table 6. Table 6 also gives the times for which metal 
bracket was contacted with the heated plate, as well as the respective plastic 
substrate. 

5 

The assemblies obtained were subjected to the dynamic shear test described above, 
and the results are given in Table 6. 



A layer of the photopolymerized, thermoset table adhesive of Example 21 with a 
10 thickness of 500 ^im was applied to an aluminum mounting bracket having a round 
20 mm diameter base plate) and adhered to a 6 mm thick sheet of float glass. The 
face of the base plate of the aluminum bracket was then contacted with the hand- 
held device described in copending European patent application no. 96 1 12 715.6 to 
thermally cure the adhesive layer. The contact time and the temperature of the 
15 contact means of the hand-held device are varied as specified in Table 7. 

The assemblies obtained were subjected to the cleavage strength test described 
above, and the results are given in Table 7. 



20 Examples 22-24 

Acrylic monomers as listed in Table 8 were combined with 0.04 pph of Irgacure 651 
photoinitiator. The mixture was purged with nitrogen for 30 minutes and then 
exposed to low intensity ultraviolet radiation as described in Example 1 until a low 
viscosity syrup was obtained. To this syrup were added in the amounts listed in 

25 Table 8: N-vinyl caprolactam (NVC), epoxy resin, 0. 1 pph crosslinker HDDA, 0.16 
pph additional photoinitiator Irgacure 651, epoxy hardener. The mixture was 
stirred until homogeneous. 

Onset temperature of the epoxy curing reaction, 90'' peel adhesion of the thermally- 
30 uncured adhesive and dynamic shear strength of the thermally-cured adhesive was 
measured as described above. The results are summarized in Table 9. 
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Examples 25-31 and Comparative Example 9 

Butyl acrylate and N-vinyl caprolactam in an amount as specified i;; 'hM?i 10 were 
combined with 0.2 or 0,3 pph, respectively, of photoinitiator KB 1 , C. )I7 ppli of 
5 HDD A (crosslinker) and polymers of the type and in the amoiim z . .i; in ). al>le 10 
and stirred until homogeneous. Epoxy resins, hardeners and fille ^-c^) aJvled 
sequentially in the amounts given in Table 10, and stirred mechanically until 
homogeneous. 

10 No prepolymerization to a syrup was necessary in this case, as >i e scosity 

was inherently present. The photopolymerizable component (i) * M; (![»arc?tivc 
Example 7 has a solubility parameter of 9.93. 

Onset temperature of the epoxy curing reaction, 90*^ peel adhes'i;* cf the thermally 
1 5 uncured adhesive and overlap shear strength of the thermally-ciircQ adhesive were 
measured as described above. The onset temperatures measured in I Examples 25-3 1 
and Comparative Example 9 were about 89 ^C. The other resuk?; f r ^ * >,irnniari:ied in 
Table 11, 
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TABLE 1 

FEDORS' SOLUBILITY PARAMETERS OF ACRYLATE MONOMERS 



IVf^ T: n c ffti ^ r 


Sniiihilitv PjirAifiptf^T* 

(cal/cm')"^ 


Octadecyl aery I ate (ODA) 


8.99 


Laurvl acrvlate O^A'i 


9.15 


Iso-octvl acrvlate TIOA^ 


9.22 


2-ethylhexyI acrylate (2-EHA) 


9.22 


1 en-JDUiyi aUiyiaLe ylDrVJ 




iso-JDUiyi acryidie \rn/\) 




rJuiyi acryiaie v-t>A.j 


0 77 


r^ropyi acryiaie /v^ 












jyjjj iiuiieiiiyJCfyv-'iuiicA.yi ctoiyiaic 

fTMCA) 




T'jn-hnmvl acrvlate fFBAl 


9.71 


r^vHnhpwl acrvlatft 


10.16 




10.33 


Tptrahvfirofiirfiirvl acrvlate HIFA^ 


10.53 




10.56 


2-Phenoxvethvlacrvlate fZ-PhEA^ 


11.03 


Phenyl acrylate (PHA) 


11.19 


Glycidyl acrylate (GA) 


11.32 


N-vinylcaprolactam (NVC) 


12.10 


N,N-Diniethylacrylamide (DMA) 


12.32 


Butoxy acrylate (BOA) 


12.99 


N-vinyl-2-pyrrolidone (NVP) 


13.38 


Propoxy acrylate (POA) 


13.62 


Acrylic Acid (AA) 
z ^ .... 


14.04 






Methylmethacrylate (MMA) 


9.93 


Ethylmethacrylate (EMA) 


9.72 


Propylmethacrylate (PMA) 


9.57 






Vinyl Acetate 


10.56 


Styrene 


11.87 
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TABLE 2 



j ii;Xainpie 
1 


UdA [ /oj 


9-PliFA r<vi.i 


Htpoxy rcaiii 


rnmnAiinfi 


T *\ 

JL f 

Tnnhl 


1 






*T^. V ^ 1 J 


19 8 


0.2 




1 1 4 


96 S 


41 7 r2'l 


20 4 (X\ 


02 






30 3 


41 7 rt^i 


20 4rn 


0.2 


I 4 


94 8 


16 6 


45 4/']'i 


13 2 r2'> 


0.2 




19 


9R R 


45 3 ^2"* 


13 6 ("2"^ 


0.2 


o 


R 9 


19 0 


4S 3 


1 1 6 f 9^ 


0 2 


7 


10 1 


1Q 1 


42 0 


1Q 8 ri'i 

ly.o ^1^ 


0.2 




9^ 0 


zu.u 


19 6 /"l^ 




0 9 


3 Q 


9fi 7 


1 1 S 


49 0 ri"* 


10 R ^'l'^ 


0 9 


I 1 n 


in 7 


11 9 


1R 1 ^1^ 

JO. 1 11 1 


1 R 0 /"l^ 


0 9 


^ 1 1 




1 ^ ^ 


JZ.O ^^1 ^ 




0 9 
u.z 




% ^ 1 
J 1 . 1 


17 « 


JH. / \^ 1 ^ 


16 6 


0 9 


13 


16.6 


33.7 


33.6(1) 


16 1 (1) 


0.2 


14 


16.1 


24.3 


40.3 (1) 


19.3 (1) 


0.2 


15 


24.3 


16.1 


40.3 (1) 


19.3 (1) 


0.2 


CI 


30.5 


5.4 


39.4 (4) 


24.7 (1) 


0.2 


C2 


33.7 


6.0 


43.7 (4) 


16.6 (2) 


0.2 


C3 


34.4 


3.8 


42.0(1) 


19.8 (1) 


0.2 


C4 


46.7 


5.2 


32.6(1) 


15.5 (1) 


0.2 



*) The mass of the photoinitiator I 65 1 is disregarded when calculating the mass 
percentages [%] of the other compounds. 

5 



TABLE 3 



Kx 


Overlap Shear (N/mm^) 


90<»Pecl (N/1.27 cm) 




Al 


PC 


pMMA 


PVC 


PC 


pMMA 


PVC 


PE 


AI 


1 


7.4 


















2 


3.3 


















3 


0.4 


















4 


4.5 


















5 


0.2 


















6 


1.4 


















7 


6.2 


4.5 


4.3 


4.4 


12 


14 


9 


7 




8 


4.5 


2.4 


2.3 


2.1 


19 


16 


3 


2 




9 


3.6 


3.0 


2.5 


2.5 


13 


14 


7 


7 




10 


3.4 


2.5 


2.8 


2.1 


14 


14 


7 


7 




11 


3.3 


2.5 


2.2 


1.7 


14 


16 


5 


5 




12 


8.5 


2.6 






7 








10 


13 


2.8 


1.7 






25 








14 


14 


3.9 


2.8 






14 








13 
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Overlap Shear (N/mm^) 


90° Peel (N/1.27 cm) 




Al 


PC 


pMJVlA 


FVC 


rc 


pMMA 




rtj 


A 1 

Al 


1 c 
1!) 


1.0 


A A 






7 








I'? 


n 

V/ i. 


0.02 


















C2 


0.02 


















C3 


2.3 


1.9 


1.7 


1.2 


15 


14 


6 


5 




C4 


1.3 


1.3 


1.1 


1.0 


15 


15 


6 


5 




C5 


1 


1 


1 


1 


23 


24 


8 


4 




C6 


11 


1.3 


1.6 




28 


24 


7 


3 





**) No measurement possible. PVC melts at the required curing temperature 
(160°C) 



TABLE 4 





IBA 


2- 


Epoxy 


Hardener 


R972 


Polymer 


1 651 *) 


HDDA 


£x 


[%I 


PheEA 


(type) 


(type) 


[%] 


(type) 


[pph] 


*) IPPh] 






r%i 


r%i 


f%l 




r%i 






16 


18.5 


24.6 


37.1(1) 


17.7(1) 


2.1 


0 


0.2 


0.1 


17 


17.4 


23.2 


34.8(1) 


16.6(1) 


4.0 


4.0(1) 


0.2 


0.1 


18 


18.1 


24.1 


36.3(1) 


17.3(1) 


2.1 


2.1 (1) 


0.2 


0.1 


19 


18.5 


24.6 


37.1(1) 


17.6(1) 


0 


2.2 (1) 


0.2 


0.1 


20 


16.3 


21.8 


34.2(1) 


16.3(1) 


3.8 


7.6(4) 


0.2 


0.1 


21 


23.7 


18.0 


35.7(1) 


17.0(1) 


4.1 


1.5 (1) 


0.2 


0.1 



*) The masses of the photoinitiator and the crosslinker are disregarded when 
calculating the mass percentages [%] of the other compounds. 



10 TABLE S 



Ex 


Overlap Shear i 


N/mm^) 


90° Peel (N/1.27 cm) 




Al 


PC 


pMMA 


PVC 


ABS 


PC 


pMMA 


PVC 


PE 


Al 


16 


8.8* 


3.8 


6.5 


5.3* 


6.2 










14 


17 


5.9* 


4.4 


6.9 


4.3* 


6.3 










16 


18 


8.0 


4.2 


6.1 


4.7* 


6.0 










18 


19 


7.9 


3.6 


4.6 


4.0* 


4.6 










13 


20 


4.7* 


3.4 


4.1* 


4.3* 


5.8* 


13 








19 



adhesive failure or mixed adhesive/cohesive failure 
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TABLE 6 



Sample 


r lastic 


i^oncaci iiine 


1 cmp* ui 
bar pC] 


6 iv7 m €inn^iifc* i 


1 
i 


PP 




250 


\M 


o 

z 


pr 




225 


J JO 




pp 




200 


3 :J5 


A 


pr 


in 


I7S 




c 

J 


PP 


10 


1 50 




O 




70 


150 




1 




10 


250 


1 41 

H 


g 


PMMA 


30 


lis 




9 


PMMA 


30 


200 




10 


PMMA 


30 


175 


i.:rt 


11 


PMMA 


30 


150 


\')\ 


12 


PMMA 


70 


150 




13 


PMMA 


60 


250 




14 


PMMA 


60 


250 


4.92 1 



PC = polycarbonate 

PMMA = polymethylmethacrylate 

5 



TABLE 7 



Sample 


Temp of 
contact 
mans of 
hand-held 
device [°C] 


Contact time 
[seconds] 


Max. deavx: - ;rienyth • 

m 


1 


230 


60 


23 li 


2 


230 


35 


137 ; 


3 


186 


57 


130 


4 


273 


13 


79 


5 


230 


35 


210 


6 


186 


13 


37 


7 


230 


10 


43 


8 


180 


35 


45 1 


9 


273 


57 


117 


10 


280 


35 


154 


11 


230 


35 


204 


12 


186 


100 


292 


13 


230 


100 


307 


14 


186 


100 


229 


15 


230 


150 


261 


16 


273 


150 


127 
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TABLE 8 



Ex 


IBA, % 


2- 
PhEA, 

% 


NVC, 

% 


Epoxy 
resin, % 
(type) 


Hardener 
compound, 
% (type) 


22 


16 


23 


3 


39 


19 


23 


16 


23 


2 


40 


19 


24 


16 


24 ! 1 


40 


19 



TABLE 9 



Example 


PO* Peel (M 


I / 1.27 c;ir) 


Dynamic shear (N / mm^) 




PMMA 


Al 


I'MMA 


PC 


Al 


22 


16.2 




4.47 


3.81 


5.31 


23 


14.6 


12.1. 


3.09 


1.89 


3.96 


24 


12.4 


11.0 


3.24 


1.63 


3.90 



5 



TABLE 10 



Ex 


BA 
[%I 


NVC 
[%] 


Epoxy 
resin 

(type) 

f%l 


HardsKti 
(type) [•>;.] 


Polymer 
(type) 
[%1 


FUler 
(type) 
I%1 


KB-1 

*) 
[pph] 


HDDA 
*) [pphi 


25 


32.2 


9 


23.2 (5) 
12.9 (6) 


12.4 (3) 


10.3(1) 




0.2 


0.047 


26 


31.8 


8.9 


22.8 (5) 
12.7 (6) 


13.7 (i) 


10.1 (2) 




0.3 


0.047 


27 


31.8 


8.9 


22.8 (5) 
12.7 (6) 


13.7(1) 


10.1(3) 




0.3 


0.047 


28 


30.8 


8.6 


22.2 (5) 

12.3 (6) 


13.3 (1) 


9.8(1) 


2.5(1) 
0.5 (2) 


0.3 


0.047 


29 


33.1 


8.8 


19.8 (5) 
19.8 (6) 


10.9 (1) 


4.6(1) 


2.3 (1) 
0.7 (2) 


0.3 


0.047 


30 


28.9 


8.5 


26.4 (5) 
8.5 (6) 


12(1) 


12.5 (1) 


2.5 (1) 
0.7 (2) 


0.3 


0.047 


31 


35.6 


10.5 


17.8 (5) 
17.8 (6) 


9.9 (1) 


5.1 (1) 


2.5(1) 
0.8 (2) 


0.3 


0.047 


C7 


35.6 


2.7 


17.9 (5) 
17.9(6) 


9.9 (1) 


12.5(1) 


2.5 (1) 
0.8 (2) 


0.3 


0.047 



*) The masses of the photoinitiator and the crosslinker are disregarded when 
calculating the mass percentages [%] of the components with respect to the 
1 0 mass of the adhesive 
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TABLE 11 



Ex ■ wi4p Shear (N/mm^) 


90° Peel (N/1.27 cm) 


1 A« 

1 

"~25 '"T"l"^ .-. 




nlVflif 

piviiyi 
A 






A 


ABS 


3.2 


3.1 


3.2* 


38.5 


37.1 


27.3 


26 ! 1 


2.9 


3.4 


3.5 


25.2 


22.5 


18.2 


27 i 2/> 


2.5 


2.8 


2.9 


24.7 


22.3 


19 


28 1 3.6" 


3 


4 


3.1* 


31 


43 


11.4 


29 1 2-'- 


3.7 


3.6 


3.7 


26.1 


38.4 


18.2 


30 i 3 


3.1 


4 


3.2* 


25.5 


40.9 


13.5 


31 ! i; • 


4 


4.2 


4 


24.7 


35.2 


11.3 


C7 i 1 • 


1.8 


2* 


1.9 


1.1 


1.5 


1.1 



*) adhesive f&.!ai ; cr mixed adhesive/cohesive feilure 
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PATENT CLAIMS 

1 , Photopolymerizable precursor of a pressure-sensitive thermosettable adhesive 
said precursor comprising 

5 

(i) from about 30% to about 80% by weight with respect to the mass of the 
precursor of a photopolymerizable component, comprising a monomeric or 
prepolymeric syrup, said component exhibiting an overall solubility 
parameter of between 10 and 1 1 and comprising (A) at least 30% by 

] 0 weight with respect to the mass of the photopolymerizable component (i) 

of one or more ethylenically unsaturated monomers with a solubility 
parameter of between 10 and 1 1.5 and less than 10% by weight with 
respect to the mass of component (i) of one or more ethylenically 
unsaturated compounds with a solubility parameter of more than 1 1.5, or 

15 (B) at least 50% by weight with respect to the mass of the 

photopolymerizable compound (i) of one or more ethylenically unsaturated 
monomers with a solubility parameter of between 9.5 and 1 1.5 and 10- 
30% by weight with respect to the mass of the photopolymerizable 
component (i) of one or more ethylenically unsaturated compounds with a 

20 solubility parameter of between 11.5 and 12.5 provided that in case (B) the 

precursor comprises between 3-15% by weight with respect to the mass of 
the precursor of one or more polymers with a solubility parameter of 10- 
12,5, 

25 (ii) from about 20 to about 70% by weight with respect to the mass of the 

precursor of one or more epoxy resins and/or monomers, 

(iii) an effective amount of one or more photoinitiators, and 

30 (iv) an effective amount of one or more nucleophtlic latent hardeners for the 

epoxy resins and/or epoxy-containing monomers which hardeners are 
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selected to provide an onset temperature of the epoxy curing r:7;;^l ion of 
below 100°C when subjecting the adhesive to a DSC scan -M d of 
20°C/min. 

5 2. Precursor according to claim 1, wherein the photocopolymeit^ri^'e .c r pc^nent 
(i) of embodiment (A) additionally comprises at least 15% with r^z^^a to the 
mass of component (i) of one or copolymerizable ethylenically unsaaiiated 
monomers with a solubility parameter of between 9.5 and 10, and ^/h.^rcin the 
polymers with a solubility parameter of between 10 and 12.5 of the preouisor 
10 of embodiment (B) have a molecular weight Mw of about 50,000 - >00,000 

g/mol. 

3. Precursor according to any of claims 1 or 2 wherein one or more of the 
hardener compounds are selected from a group of compounds accinding to 

15 formula II 

R - Xi n 

wherein R is a mono- or multivalent organic residue, X; is indept^iid ::iiiy from 
one another a linear or branched alkyl group with at least 8 C 'auwvs wherein 
at least one of the -CH2- groups is replaced with a -NH-group ancl/tu v^/htoh 
20 exhibits a terminal N- containing group which contains at least o\v^ j.c nve H 

atom, and i is an integer from 1 to 4. 

4. Precursor according to any of claims 1-3 wherein one or more of tl v j 
ethylenically unsaturated compounds are selected from a group comprising 

25 (meth)acrylic esters of non-tertiary alcohols and N-atom contaimng 

ethylenically unsaturated compounds. 

5. Thermosettable pressure-sensitive adhesive which is obtainable by 
photopolymerization of the precursor according to claims 1-4. 

30 
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6. Thermosettable pressure-sensitive udircs . c according to claim 5 which exhibits 
a percentage of remaining reaction u" \:i\xix 9QVu after 8 weeks of storage. 



7. Thermoset adhesive which is obtain.^ oi;. :y ihennally curing the thermosettable 
5 pressure-sensitive adhesive accord in^.^ to cJai? as 5 or 6. 

8. A method for bonding a plastic surface to atiothcr surface comprising 

(i) sandwiching a layer of a pres>;::!rc-;3't*'^isUiYe thermosettable adhesive 
10 according to any of claims 5 or 6 b e ^veen the two surfaces, and 

(ii) heating the assembly to a teinperar ' <ibove the onset temperature of the 
epoxy curing reaction. 

15 9. Assembly comprising two plastic surfaces which ^.^e bonded with a thermoset 
adhesive the precursor of which cc>y : : 5 a blend of an acrylic-based pressure- 
sensitive adhesive and one or more thi: i lo^ettable epoxy resins and/or 
monomers and is cured at a tempcrar, !0 '^hov^ the onset temperature of the 
epoxy curing reaction of below 100' i" a gh ^; an overlap shear strength of the 

20 assembly of at least 3 MPa. 

10. Assembly comprising at least one plastic suttcace which is obtained by 

(i) sandwiching a layer of a pres;iiii c -s -isiuve thermosettable adhesive 
25 according to any of claims 5 or 6 !)oivv.?; ri the two surfaces, and 

(ii) heating the assembly at a tempor^jti irs; above the onset temperature of the 
epoxy curing reaction. 
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of US 'l)]8 and US *604 are high in polarity which makes them less favourable for 
bonding of non-polar substrates such as plastics. The acrylate-containing 
moaoniiiiic or prepolymeric syrup described in WO *328, sometimes exhibits a 
limited solubility for the thermosettable resin, and the mechanical properties of the 
5 thermos ct adhesive do not always meet all practical requirements to a sufficient 
and/or desirable degree. 

Tiicre vvas therefore a need for providing a thermosettable pressure-sensitive 
ad^^*esi^^:' iKiving an onset temperature of the epoxy curing reaction of not more than 
10 lOO'^C s:) as to render the adhesive curable at reduced temperatures and/or for 
reduced times and to facilitate bonding of thermally-sensitive substrates such as 

plastics. 

Tl^ere was furthermore a need for providing a thermosettable pressure-sensitive 
15 adhssive wluch has good cured-state adhesive properties to low energy surfaces 
such as plastics and allows for the preparation of assemblies comprising at least one 
low-sudacc energy substrate bonded to another substrate with the thermoset 
adhesive, v/hich exhibits advantageous mechanical properties and, in particular, a 
high overlap shear strength. 

20 

Short description of the invention 

The invenficin relates to the photopolymerizable precursor of a thermosettable 
pressure -:u)risitive adhesive said precursor comprising: 

25 (i) frooi abo ut 30% to about 80% by weight with respect to the mass of the 

precursor of a photopolymerizable component comprising a m onomeric or a 
pr epolYmeric sv ruo said component exhibiting an overall solubility parameter of 
between 10 and 1 1 and comprising 

30 (A) at least 30% by weight with respect to the mass of component (i) o f one or 

more ethylenically unsaturated monomers with a solubility parameter of 
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